Abstract:This paper carried out kinematical analysis for the two-handed backhandmovement of the 2016 ATP Chengdu Tennis Open final men's players Ramos byusing three-dimensional camera analysis, to explore the characteristics of tennis two-handed backhand, hoping to provide the majority of tennis Coaches, athletes and enthusiasts with some references and improve the skill of two-handed backhand. In order to reduce inconveniencewhile analyzing, the movementwill be divided into four moments and three stages. The paper analyze the movement features specifically from thebackswing, swing and follow through these three stages. The results show that Ramos 'smovement is reasonable.The body' s center of gravity descends obviously, and the backswing reveals the mechanics principle that the large joints leads to the small joints. The whipping movement is obvious during the swinging stage, but the body' stwist is smaller. During the follow through stageRamos' stop movement is obvious, but at the end of the moment the legs are still in a state of bending, especially the right knee is still in a lower position, which shows that Ramos didn't stretch hip and knees sufficientlyduring the follow through stage.
Introduction
Two-handed backhand is one of the most basic and most important tennis skills, as well as the base line fore hand, which can play difficult and high-quality forcing shot. There is few analysis of two-handed backhand movement through the three-dimensional analysis software. Therefore, it is particularly important to carry out kinematic analysis of the movement of the two-handed backhand of excellent tennis player in the game.
Objects and methods

Study object
This paper takes 2016 ATP Chengdu Tennis Open final male player Ramos as the object of study. His basic information is as follows: Spanish , his height is1.88m, weight is 80kg, awarded the runner-up trophy in the tournament. Study methods the side line. The main optical axis angle between the two cameras is about 65 °. We adopted 3-D Signal TEC V3.2HDC analysis system to analyze thevideo while using the European Dempster Human body as model (16 links, 21 joints). According to the research needs, the analysis added two measurement pointsof the top of the racket and the ball. We used series analysis. Thedata was smoothly processed by low-pass filter methods. The cut-off frequency is 8Hz.
Results and Discussions
Ramos adopted a semi-closed footwork. Left hand is the advanced hand (left hand is the hitting hands).The movements from the body sideways to prepare to the end of the swing are smooth and stretched. But there are still some problems.
The stage from the end of the preparation to the end of the backswing is called backswing stage.
In this stage, the left hip angle was 84.1 °, the right hip angle is131.7 °, the left knee angle is weight backward when he finished backswing, which is conducive to push off with his back leg. It's conducive to store more elastic potential energy to obtain greater angular momentum.
Left and right shoulder and elbow joint angle can reflect the distanceof racket and the bodywhen backswing is finished. A reasonable range of backswing is very important for swing. In the caseof same extension, the elbow angle is inversely proportional to shoulder angle. Shoulder angle is small while elbow angle is large, elbow angle is small while shoulder angle is big. This is the key to fully backswing. In this stage, the left shoulder angle of Ramos is 64.4 °, the right shoulder angle is 34.1 °, the left elbow angle is 174.1 °, and the right elbow angle is 132.1 °.
Therefore, Ramos' elbow is larger than the shoulder joint which conformswithbig shoulder angle and small elbow angle principle in the case of same extension. The literaturerevealed that Djokovic's left shoulder angle is 111.2 °, the right shoulder angle is 37.9 °, the left elbow angle is 169.8 °, and the right elbow angle is 107.5 ° when he finished backswing. The data shows that the two athletes' arms are in the stretchedstate. The racket has been away from the body. The surmount degree is enough to increase thedistance of swing, which is conducive to get a larger line speed when swing forward.
In the stage of backswing, the joint speed increased in sequence when backswing is fast. The ball, but at the end of the moment Ramos' left and right leg is still in a state of bending, especially the right knee is still in a lower position. It means that in the follow through stage Ramos didn't stretch hip and knee sufficiently, which is not conducive to deliver the momentum completely.
Conclusions
The above analysis of the results showsthat:during the backswing stage Ramos' movements are more reasonable. When he finished backswing, the body center of gravity decreased backward significantly, which is conducive for hind legs to hit the ground and store more elastic potential energy in order to obtain larger angular momentum. Ramos' left and right leg is still in a state of bending, especially the right knee is still in a low position. It means that in the follow through stage Ramos didn't stretch hip and knees sufficiently, which is not conducive to deliver the momentum obtained completely.
In general, when Ramos uses two-handed backhand skills, the overall movement is stretched and smooth, which can be a good example for the majority of tennis coaches, athletes, enthusiasts to learn from. However, in the follow through stage Ramos didn't stretch hip and knees sufficiently and in the swing stage, Ramos's body didn't twist to a considerable extent which needs to pay attention to and avoid the same mistakes.
